Trigonal CdSb2O6, prepared as a very crystalline powder by solid state reaction ofCdO and Sb2C>3, is isostructural with PbSb 2 O 6) Space Group (S.G.) P31m (162), with a = 5.2399(2), c = 4.8045(4) A , Z = l a n d D c = 6.57 Mg.m ~ 3 . For the refinement of structural parameters from X-ray powder diffraction data two different methods have been employed and compared, both leading to very similar results. The refinements converged to Rj = 0.025 using 35 intensities in the incremental optimization technique and to Rp = 0.038, R w = 0.033 from 161 reflections in the least-squares refinement.
Introduction
This paper aims to compare two methods for establishing atomic positions from X-ray powder diffraction intensities. For this purpose the oxide CdSb2O6 was chosen because it is insufficiently characterized (Magneli, 1941; Desgardin etal, 1971) and it is considered isomorphous with PbSb2C>6, whose crystal structure can be defined by a small number of positional parameters. The crystal structure of PbSb2O6 was first determined (Magneli, 1941 ) from single-crystal X-ray diffraction photographicdata in the S.G. P312, and was recently refined in S.G. P31m using neutron powder diffraction data (Roderick, 1987) .
Experimental
CdSb2O6 has been prepared by solid state reaction from a mixture of analytical grade CdO and Sb2O3. The antimony oxide was in excess (15%) so as to offset partial volatilization during preparation. The sample was treated in air at 873 K (24 h) and 1073 K (24 h), to oxidize the Sb(III) to Sb(V), and finally it was heated at 1223 K for 72 h. After each thermal treatment the material was quenched, weighed, ground and examined by X-ray diffraction.
The d-spacings were measured using a Siemens Kristalloflex 810 generator and a D-500 goniometer provided with a graphite monochromator, and CuKai radiation (X = 1.540598 A), at a scanning rate of O.l°(20) min-1, from 17° to 156°(20), using W, a = 3.16524(4) A, as an internal standard. The unit-cell parameters were refined from the 20 values of the last ten reflections.
In order to minimize the effects of preferred orientation, the intensity of the observed reflections was measured on powder samples prepared as indicated by McMurdie et al (1986) . Intensities were collected by step-scanning from 17° to 15O°(20) with increments of O.O2°(20) and a *To whom correspondence should be addressed.
counting time of 1 s each step, the goniometer being controlled by a DACO-MP V2 computer, which carried out the integration of the diffraction peaks and the background correction.
Two different ways have been followed for the refinement of structural parameters from X-ray powder diffraction data: an incremental optimization method and a leastsquares technique.
The incremental optimization method uses the LAZY PULVERIX programs (Yvon et al, 1977) for the calculation of the powder intensities, with scattering factors for neutral atoms; Debye-Waller, Lorentz and polarization factors; and correction for anomalous dispersion. The arbitrarily chosen Debye-Waller factors, B, were 0.36 and 0.80 A2 for Sb and oxygen atoms respectively; that for Cd, 0.40 A 2 , was calculated from those for Sb and oxygen by interpolation of the corresponding atomic mass. The intensities were computed in the S.G. P31m (162) The Rj values were calculated for 35 I o intensities. For the peaks including two or more overlapping reflections, 300 and 103 for example, the observed intensity was compared with the sum of those calculated.
In the least-squares method (Gvildys, 1968) six structural parameters (scale factor, atomic positional parameters for oxygen atoms, and isotropic temperature factors for Cd, Sb and oxygen) were refined and the function £ w(|F 0 | -Sf|F c |)2 was minimized, where F o , F c , w and Sf are the observed and calculated structure factors, the weight of each reflection, and the scale factor respectively. The occupancy factors were fixed as 1.0 for all the atoms. The observed intensities were also corrected for Lorentz and polarization effects. Scattering factors for neutral atoms and correction terms for anomalous dispersion were taken from International Tables for X-Ray Crystallography (1974) . A weighting scheme w = 1/ ff2 W as employed, where a is the standard error of the observed |F 0 |. The conventional and weighted discrepancy factors were respectively computed as:
In this refinement method, all the reflections allowed in the S.G. P31m were considered, in total 161.
Interatomic distances and angles were obtained using the program BONDLA (Stewart et al, 1970) .
Results and Discussion
The products of the reaction between CdO and Sb2C>3 at 973 K were Sb2C>4 and a cubic pyrochlore phase. At 1223 K, CdSb2C>6 appeared mixed with small amounts of that pyrochlore. However, when an excess (15%) of Sb2C>3 was added, high purity CdSb2C>6 was obtained. The excess of antimony oxide was removed by volatilization during the last thermal treatment.
The sample of CdSb2Og obtained in this way was light gray, and gave a very good X-ray diffraction pattern that could be indexed in the trigonal system with all the reflections allowed by the S.G. P31m (162) Table 2 , and interatomic distances and angles can be found in Table 3 .
The structure of CdSb2C>6 can be described as a distorted hexagonal close-packed oxygen arrangement in which one half of the octahedral holes are occupied by the cations, one sixth by Cd and one third by Sb, whereas oxygen atoms are threefold coordinated to Cd and two Sb atoms. In three-dimensional CdSb2O6, the SbO6 octahedra share edges, forming infinite layers of composition (Sb2C>6)n parallelto the (ab) plane. Every two of these layers are separated by staggered Cd atoms.
As can be seen in Figure 1 , where a perspective of two unit cells is shown, the cations of CdSb2O6 lie in two different levels, z = 0 and z = Yi • One third of the octahedral holes at level z = 0 are occupied by Cd and % of the oc- 
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Figure 1. A view of two unit-cells of
tahedral sites of level z = Vi are filled with antimony atoms (Vincent et al, 1987) . Both Sb and Cd atoms occupy the centers of almost regular oxygen octahedra of different sizes, because the distances Cd-O, 2.19 A are larger than Sb-O, 2.06 A. The volumes per anion, V a , of the MHSb2O6 known oxides can be related to the structural type of these compounds and to the ionic radius of M n . When V a is less than 17 A 3 , the ionic radius of M is about 0.7 A (M = Mg, Fe, Co, Ni, Cu, Zn) and the trirutile structure is adopted. On the other hand, for V a more than 19 A 3 , ionic radii are larger than 0.9 (M = Cd, Hg, Sr, Pb, Ba) and the structure of CdSb2Q6 is preferred. MnSb2O6 is intermediate, and can be found in two forms, niobite and /3-MnSb2O6, with V a equal to 17.4 and 17.6 A 3 respectively (Vincent et al, 1987) . This variation of V a illustrates how the density of the packing of the oxygens can be affected by the size of the cations at the interstices.
Conclusion
As can be seen in Table 2 , where the results of the crystal data for CdSb2O6 are shown, the incremental optimization technique and the least-squares method give sets of data quite comparable. When only one or two positional parameters have to be refined, the incremental optimization technique is more rapid and can be employed with good results. For refining more than two parameters, the leastsquares method has to be ordinarily followed, with some advantages, because it allows the refinement of thermal parameters and gives standard deviations for all the parameters it refines.
